In this pictorial essay, we review the sonographic and other imaging findings of paratesticular masses in correlation with the pathologic findings. The examples include benign and malignant tumors and also non-neoplastic mass lesions of the paratesticular structures. Diagnostic sonographic findings of these mass lesions as well as correlative findings of other imaging methods are presented.
T he paratesticular area includes a variety of anatomic structures, which include the tunica vaginalis, epididymis, ductus deferens, spermatic cord, vessels, lymphatic channels, and other supportive tissues of the testis. [1] [2] [3] [4] [5] [6] [7] [8] Space-occupying lesions originating from these structures may be non-neoplastic or neoplastic. Nonneoplastic lesions include epididymal cysts, spermatoceles, fibrous pseudotumors, spermatic cord cysts, spermatic cord lipomatosis, and polyorchidism. Neoplastic masses may be either benign or malignant. 9 Among benign neoplasms, there are adenomatoid tumors, papillary cystadenomas, and benign mesenchymal tumors. Lipoma is the most common mesenchymal tumor, followed by leiomyoma. Malignant neoplasms are mostly mesenchymal in origin, such as rhabdomyosarcomas, leiomyosarcomas, liposarcomas, undifferentiated pleomorphic sarcomas (formerly known as malignant fibrous histiocytomas), and other extremely rare ones. Metastases to the paratesticular region may occur secondary to various primary tumors. Involvement from hematologic malignancies may also be observed.
The principal method of examination for the paratesticular structures is sonography, which is nearly 100% sensitive for detection of lesions in the scrotal area. However, the specificity is lower, around 70% to 90%, depending on the location and the characteristics of the lesions. [1] [2] [3] [4] [5] [6] [7] [8] Magnetic resonance imaging (MRI) may be an alternative or additional method for lesion characterization. [10] [11] [12] Computed tomography (CT) may be used for the staging workup of malignant lesions.
In this pictorial essay, the imaging features of a wide variety of paratesticular masses are presented, together with their clinical and pathologic findings.
Normal Paratesticular Anatomy
The paratesticular structures include the tunica vaginalis, epididymis, vestigial remnants, and spermatic cord ( Figure 1 ). The tunica vaginalis, derived from peritoneal layers, comprises the visceral and parietal layers. The visceral layer encases the testis and epididymis and covers the tunica albuginea. 5, 7 The parietal layer is located on the inner scrotal wall. There is a cavity between the visceral and parietal layers where a small quantity of fluid is normally present. The epididymis is a C-shaped structure divided into 3 parts: the head (globus major), the body (corpus), and the tail (globus minor), which has the major function of connecting the testis to the vas deferens. 13 The remnants of the vestigium include the appendix testis (paramesonephric duct remnant), appendix epididymis, paradidymis, and superior and inferior aberrant ductules (mesonephric duct remnants). The spermatic cord, located between the inguinal ring and scrotum, allows the entrance of the structures into the scrotum as the vas deferens, testicular, cremasteric, and deferential arteries, pampiniform plexus, genitofemoral nerve, and lymphatic vessels. 13 
Imaging Technique and Radiologic Anatomy
Sonography Sonography is the primary imaging technique for the evaluation of paratesticular and testicular tissue, and it is performed with high-resolution broadband linear array transducers. 5 Color Doppler sonography, which allows for vascular assessment, is a component of routine scrotal sonography. 1 The normal scrotal wall is a smooth layer with thickness ranging between 2 and 8 mm, depending on the degree of cremasteric muscle contraction. 5 A small quantity of fluid with no internal echogenicity within the tunica vaginalis is a normal finding. The epididymis is characterized by homogeneous isoechoicto-marginally hyperechoic echogenicity when compared to the testis. 14 The epididymal head typically measures approximately 10 to 12 mm in diameter, the body about 4 mm. 1 The tail is often not well visualized during sonography. The appendix testis, which appears as an ovoid structure near the upper pole of testis, is commonly less than 5 mm in diameter. 5 The appendix epididymis is attached at the epididymal head and may be of the same echogenicity as the epididymis, or less frequently, cystic. 15 The spermatic cord is hyperechoic due to its fat content and covers the tubular structures of the pampiniform plexus, thinwalled straight tubular structure of the testicular artery, and another tubular structure with a relatively thicker wall: the vas deferens. 16 
Magnetic Resonance Imaging
Magnetic resonance imaging represents a problemsolving diagnostic method for scrotal abnormalities, 10 allowing the differential diagnosis of scrotal lesions by detecting fat, blood products, granulomatous tissue, and fibrosis.
11 T1-weighted images can show fat or methemoglobin content in the lesion, owing to their high signal intensity. 11 The normal tunica albuginea appears as low-signal intensity structures covering the testis. 1 The signal intensity of the epididymis is similar to that of the testis on T1-but lower on T2-weighted images. 8 A fluid collection in the scrotum (simple hydrocele) appears as hypointense on T1-and hyperintense on T2-weighted images, similar to fluid located anywhere else in the body. 1 The spermatic cord is of fat signal intensity; the vessels and the vas deferens are seen as low-signal intensity tubular structures within it. 
Paratesticular Benign Tumors
Lipoma Lipoma is the most common tumor of the paratesticular area and spermatic cord, accounting for 45% of all lesions in that region. 2 The most common presentation is an incidentally discovered painless mass. It may occur at any age.
Pathologically, lipomas are yellow to orange greasy tumors with an irregular lobular pattern, surrounded by a thin capsule. They are composed of mature fat cells but may include some other elements of mesenchymal tissue, with fibrous tissue being the most common.
On sonography, a typical lipoma is a well-defined homogeneous hyperechoic lesion with brighter linear interfaces inside that separate the fat lobules ( Figure 2 ). Lipomas are typically avascular on Doppler sonography. Sometimes, they may appear to have lower echogenicity than surrounding fat tissue and may mimic nonfatty lesions. On MRI, lipomas appear to have fat signal intensity in all sequences and show suppression on fat-suppressed images. No enhancement occurs after contrast material administration.
Adenomatoid Tumor
An adenomatoid tumor is the second most common tumor of the paratesticular structures and constitutes 30% of tumors arising in that area. 2 Although the most common presentation is a painless palpable mass, most patients are asymptomatic, and these lesions are discovered during imaging performed for other reasons. 17 Pathologically, an adenomatoid tumor is defined as a hamartomatous benign tumor that originates from the mesothelial cells. 9 They are usually located at the tail of the epididymis but may arise at other parts of the epididymis, tunica albuginea, tunica vaginalis, and close to the rete testis.
Sonography reveals a solitary oval or round wellcircumscribed homogeneous lesion that is isoechoic or hyperechoic to the testis ( Figure 3 ). On Doppler sonography, only large lesions have demonstrable vascularity. On MRI, they are slightly hypointense relative to the testis on T2-weighted images and usually show poor or absent contrast enhancement on postcontrast T1-weighted images. However, the contrast enhancement does not rule out an adenomatoid tumor, also because exuberant granulation tissue around the tumor has been reported, 11 as in the example presented ( Figure 4 ).
Leiomyoma
A leiomyoma is a rare benign tumor of mesenchymal origin, composed of smooth muscle. It is the second most common tumor of the epididymis (6%).
2 It commonly presents as a nontender slowly growing mass.
Pathologically, leiomyomas are well circumscribed lesions with a gray-white fibrous capsule and a whorled pattern inside. The tumor is composed of smooth muscle cells arranged in interlacing bundles with an admixture of fibrous and hyalinized connective tissue. 18 On sonography, leiomyomas are well-defined solid lesions of variable echogenicity. The whirling pattern may be demonstrable ( Figure 5 ). Central necrosis, a cystic component, or punctate calcifications may be observed. Vascularity may be detected on Doppler sonography. The MRI appearance of paratesticular leiomyomas has not been fully described. The only MRI example of paratesticular leiomyoma in our series belongs to a 10-year-old child ( Figure 6 ). The lesion was hyperintense with respect to the testis on T2-weighted images, and after contrast material injection, only peripheral contrast enhancement was observed.
Angioleiomyoma
An angioleiomyoma of the paratesticular area is extremely rare, with only a few case reports in the literature. 19, 20 Pathologically, the lesion has been reported as a circumscribed mass with a smooth muscle capsule, edematous stroma, small vessels, and numerous cystically dilated ectatic vessels. 19 On sonography, angioleiomyomas are solid welldefined tumors with low echogenicity (Figure 7 ). Vascularity is abundant on Doppler sonography; however, this finding is not helpful for a specific diagnosis, or it even may be misleading, since it may suggest malignancy or, if the lesion is adjacent to the epididymis, epididymitis. Magnetic resonance imaging may be helpful in showing the tissue components; however, a differential diagnosis from a malignant tumor may not be possible. The myomatous components may show low signal intensity on T2-weighted images. After the use of contrast material, the lesion shows enhancement.
Angiomyofibroblastoma-Like Tumor
An angiomyofibroblastoma is a tumor that occurs in the pelvis, genital tract, vulva, or perineum of women. An angiomyofibroblastoma-like tumor is the male counterpart. It is observed in elderly men as a slowly growing asymptomatic lesion. Only sporadic case reports of angiomyofibroblastoma-like tumors exist in the literature. 21, 22 Histopathologically, the tumor is composed of spindle-shaped cells arranged around numerous small to medium-sized vessels in abundant myxoid stroma and dense collagen fibers. On immunohistochemical staining, the spindle-shaped cells are positive for CD34 but negative for desmin, smooth muscle actin, and S-100 protein. These findings have been reported to be characteristic of angiomyofibroblastoma-like tumors. 22 On sonography, the lesion appearance is variable. We observed a case presenting with echogenic avascular content corresponding to fibromyxoid stromal tissue and cavities with hemorrhagic and jelly material. The thick wall and septa showed vascularization after microbubble contrast material injection. On MRI, fluid-fluid levels and hemorrhage were detected, and peripherally enhancing solid areas were observed (Figure 8 ).
Hemangioma
Paratesticular hemangiomas may arise from the spermatic cord or scrotal wall, and they constitute less than 1% of all hemangiomas.
2 They usually present in infants, occasionally in later childhood or adolescence. Most patients are asymptomatic; however, dull aching pain, heaviness, bleeding, and ulceration have been reported. 2 Pathologically, numerous vascular spaces lined with benign epithelial cells are detected in the lesions. The lesions may be characterized as capillary, cavernous, or arteriovenous. 2 Imaging features vary depending on the histopathologic type of the hemangioma and the presence of drainage veins. The tortuous vessels inside a cavernous or arteriovenous hemangioma may mimic a varicocele on sonography and Doppler imaging. The capillary type of hemangioma presents as a soft tissue mass with posterior acoustic enhancement (Figure 9) . 23 Magnetic resonance imaging shows very high signal intensity on T2-weighted images. The lesion and serpiginous vessels show enhancement after contrast material injection (Figure 10 ).
Papillary Cystadenoma
A cystadenoma or papillary cystadenoma is a lesion of the epididymis that may occur sporadically (40%) or as a component of von Hippel-Lindau disease. 2 They may be bilateral in up to one-third of cases, and bilateral lesions are strongly associated with von Hippel-Lindau disease. Pathologically, they are benign multicystic lesions with 2 common findings: ectasia of efferent ducts and papillary formations. Cysts are filled with a colloidlike secretion.
On sonography, cystadenomas appear as predominantly solid lesions with cystic spaces or as cystic lesions with papillary projections inside (Figure 11 ). Diagnostic criteria have been defined for conservative management of cystadenomas, which include a predominantly solid epididymal mass larger than 10 3 14 mm, occurrence in von Hippel-Lindau disease, and depiction of slow growth. 2 
Paratesticular Non-neoplastic Masses
Fibrous Pseudotumor This tumor is the third most common paratesticular mass after a lipoma and an adenomatoid tumor. A fibrous pseudotumor is not a true neoplasm but is a mass of fibrous tissue proliferation, which occurs in the tunica vaginalis of the scrotum. It may attain large diameters and may be multifocal. Hydrocele is present in nearly half of the patients, and at least 30% of them have a history of epididymo-orchitis. 11 Pathologic analysis shows dense fibrous tissue with interspersed fibroblasts and mixed inflammatory cells. A nodular type and a diffuse type have been defined on the basis of the gross appearance; however, these types also may coexist. 7 On sonography, fibrous pseudotumors are homogeneous lesions with solid tissue echogenicity. (Figure 12 ). Doppler sonography may rarely show internal vascularity. 7 Magnetic resonance imaging may provide the diagnosis, since these lesions have low signal intensity on both T2-and T1-weighted images. They show uniform persistent enhancement after contrast material administration.
11
Polyorchidism Polyorchidism is an anomaly that occurs possibly as a result of division of the genital ridge by peritoneal bands. 2, 24 The supernumerary testis may share the vas deferens and epididymis of the ipsilateral testis, or it may have its own epididymis and vas deferens. In some conditions, the supernumerary testis has no epididymis and vas deferens, and no connection may be found with the originally developed testis. Polyorchidism presents as a painless palpable mass; the risk of torsion and tumor development are known to exist.
On sonography, the supernumerary testis may be in the scrotum or in the inguinal canal with or without a connection to the testis. It is commonly smaller than normal and is hypoechoic to the original testis ( Figure 13 ). On Doppler sonography, the vascularity is commonly less than the original. The mediastinum testis and shared epididymis may be shown, or a supernumerary epididymis may be detected. On MRI, the signal intensity of the supernumerary testis has been reported to be almost identical to that of the normal testis. A hypointense rim encircling the supernumerary testis that corresponds to the tunica albuginea may be shown, a finding that is often helpful for recognizing the lesion as a testis, thus differentiating it from other lesions. Polyorchidism is conservatively managed, but follow-up is suggested. Surgery may be necessary in case of complications.
Splenogonadal Fusion
This condition is a rare congenital anomaly due to fusion of splenic tissue to the vas deferens or gonad. It most commonly occurs on the left side and may arise together with cryptochidism, an inguinal hernia, and other anomalies of the face, limbs, and heart. On sonography, splenogonadal fusion is seen as a mass attached to the testis with similar or lower echogenicity compared to the testis, and it may have an imaging appearance similar to that of polyorchidism.
11,25
Spermatocele and Epididymal Cyst These are the most commonly encountered epididymal lesions that occur secondary to obstruction of a ductule and retention of fluid inside. 5, 6 Patients present with a painless soft mass that can be palpated beneath the testis. Spermatoceles include spermatozoa or spermatids, but epididymal cysts do not.
On sonography, an epididymal cyst is a thin-walled lesion anechoic lesion. Spermatoceles commonly have echogenic floating reflections inside, which may sometimes show inspissation. However, an epididymal cyst also may include echogenic reflections inside, and differentiation of these lesions is commonly not possible. Epididymal cysts and spermatoceles may be present in millimetric to huge sizes and may show a variety of appearances on sonography as unilocular, multilocular, septated, single, or multiple (Figures 14 and 15 ).
Sperm Granuloma
A sperm granuloma is a lesion that occurs as a foreign body reaction in postvasectomy patients. On sonography, sperm granulomas have been described as wellcircumscribed hypoechoic heterogeneous lesions found within the epididymis. 26 Spermatic Cord Cyst A spermatic cord cyst is a developmental anomaly of the processus vaginalis, in which both sides of the processus vaginalis are closed with a potential space remaining between the two inguinal rings. It appears as a loculated fluid-filled tubular structure (Figure 16 ).
Spermatic Cord Lipomatosis
This anomaly is a benign condition of the spermatic cord, which may be observed as isolated or together with persistent hydrocele. The common presentation is a soft lump in the groin, which may mimic an inguinal hernia.
On sonography, the spermatic cord is seen as thickened and heterogeneous ( Figure 17 ). Magnetic resonance imaging is helpful for the diagnosis of lipomatosis by depiction of fat content. Contrast-enhanced series would be helpful to disclose a fat-containing malignant tumor. 
Paratesticular Malignant Tumors
Rhabdomyosarcoma This tumor is the most common sarcoma of the paratesticular tissue in childhood, with peaks of presentation at 5 and 16 years. 27 Pathologically, the tumor has embryonal, alveolar, and pleomorphic subtypes. Macroscopically, the tumor appears as an encapsulated gray-white mass with areas of hemorrhage, cystic degeneration, or both. 9 On imaging, a rhabdomyosarcoma may be homogeneous when detected early ( Figure 18) ; however, it commonly presents as a large heterogeneous tumor with cystic/necrotic components. 
Liposarcoma
A liposarcoma is the most common paratesticular malignant tumor in the elderly. [27] [28] [29] Most are detected in the fifth or sixth decade, and the common presentation is a slowly growing nontender mass. A liposarcoma is a soft tissue sarcoma of adipocytic origin, with subtypes including well-differentiated liposarcoma, an atypical lipomatous tumor, dedifferentiated liposarcoma, and myxoid/round cell liposarcoma. The other subtypes include pleomorphic liposarcoma and mixed liposarcoma. 30 On sonography, the echogenicity of a liposarcoma varies from a solid hypoechoic tumor ( Figure 19 ) to a lesion containing highly echogenic areas of fat ( Figure 20 ). Doppler sonography commonly shows high vascularity inside the lesion. The gross or macroscopic fat component of the lesion may sometimes be demonstrable by CT or MRI, which makes the diagnosis easy. The solid parts commonly enhance intensely. The lesion may have gross calcification (Figure 21 ).
Leiomyosarcoma
A leiomyosarcoma is a rare malignant tumor of smooth muscle origin, mostly located at the spermatic cord. The most frequent time of diagnosis is the sixth decade. 16 Pathologically, a leiomyosarcoma is a firm wellcircumscribed whitish lobulated mass with central necrosis, hemorrhage, or both.
On sonography, leiomyosarcomas appear as welldefined masses with variable echogenicity that may show hemorrhage, necrosis, or cystic degeneration. Solid components are frequently hypervascular on Doppler sonography (Figure 22) . 16 On MRI, leiomyosarcomas appear as solid lesions of variable intensity on T2-weighted images. After contrast material injection, the solid parts show marked enhancement ( Figure 23 ). Undifferentiated Sarcoma An undifferentiated sarcoma, formerly known as a malignant fibrous histiocytoma, is an uncommon malignant mesenchymal tumor of the paratesticular area. 9 It is a rapidly growing tumor, commonly presenting in the sixth decade.
Pathologically, the tumor is commonly large with hemorrhage and necrosis. Microscopically, pleomorphic spindle, polygonal, and multinucleated giant tumor cells and atypical mitoses are found. Myxoid and inflammatory changes may be found. 31 Imaging features of undifferentiated sarcomas are nonspecific. They may attain great sizes at the time of presentation and are heterogeneous in structure with cystic/necrotic areas and calcifications inside a solid lesion.
A malignant mesothelioma is a malignant tumor originating from the tunica vaginalis. 9 The presentation age has a wide range between 6 and 91 years, most commonly between 55 and 75 years. 32 A history of asbestos exposure is a well-known risk factor, which has been shown to exist in 12.5% to 40% of patients. 33 Pathologic analysis shows a paratesticular tumor that typically appears as multiple firm tan-to-white nodules or papillary projections on the internal surface of the hydrocele. 34 Infiltration into the subtunical connective tissue or the testis occurs in half of the cases. Histologically, malignant mesotheliomas have been classified as epithelial, biphasic, and sarcomatoid subtypes.
On sonography, simple or echogenic hydrocele is typically present, and also in some cases, it may be the only recognizable finding. The most common appearances of this tumor are single or multiple nodules arising from the surface of the tunica albuginea, of various diameters. Rarely, they may be seen as hypoechoic solid lesions attached to the testis or the epididymis. Large lesions are hypervascular on color Doppler sonography ( Figure 24 ).
Metastases
Metastases to the paratesticular tissues may occur as a result of local invasion of a testicular tumor or as implants from distant primaries. The prostate, kidney, stomach, colon, ileum carcinoid, and pancreas, are the most common origins, in decreasing order of frequency. 9 In patients with a patent peritoneovaginal canal, drop metastases to the scrotum from intraperitoneal tumors may be encountered.
On sonography, local invasion of paratesticular structures by the testicular tumor may be easily shown.
Distant metastatic lesions are seen as solid irregular lesions, with nonspecific imaging features. However, most of them are accompanied by multiple metastatic lesions at the other sites of the body (Figures 25 and 26) .
Hematopoietic Malignancies
Lymphoma/leukemia and plasmocytoma may involve the paratesticular tissues, either alone or in combination with involvement of the testis.
On sonography, hematopoietic paratesticular tumors appear as hypoechoic homogeneous infiltrative or permeative lesions. Commonly, the vessels are not distorted by the infiltration, which may help differentiate them from other solid firmly growing lesions (Figures 27 and 28) . 35 Figure 27. Lymphoma (natural killer T-cell type) infiltration of the epididymis in a 34-year-old man. A, On sonography, the epididymis is enlarged and more hypoechoic than normal (long arrow). The testis is shown as infiltrated as well, through the mediastinum (short arrows). B, On Doppler imaging, the infiltrated epididymis has increased vascularity. 
Conclusions
Paratesticular masses include a variety of neoplastic and non-neoplastic lesions. Sonography is the method of choice for detection and determination of the locations of the lesions. Some of the lesions may readily be diagnosed on the basis of sonographic findings alone, but additional imaging may be necessary for the diagnosis or to narrow the differential diagnoses. Magnetic resonance imaging is the most suitable imaging method for additional investigation. Differentiation of malignant and benign paratesticular masses from each other may be provided by sonography, MRI, or a combination most of the time. However, overlap of the imaging findings of benign and malignant tumors may always be possible and should be kept in mind. Solid lesions commonly necessitate surgery for treatment, whereas a nonsurgical approach and follow-up may be the choice in purely cystic lesions or lesions composed of pure fat.
